The purpose of this study was to investigate the occurrence of antibiotic resistance genes (ARGs) in water used for irrigation in the Werribee River Basin, Australia, including river water and reclaimed effluent water (reclaimed water). Samples of reclaimed water, collected over a oneyear period, were screened for the occurrence of ARGs using PCR detection assays. The presence of ARGs in the reclaimed water samples were contrasted with that of water samples taken from the Werribee River Basin, collected over the same time period, from five points selected for varying levels of urban and agricultural impact. Of the 54 river water samples collected, 2 (4%), 2 (4%), 0 and 0 were positive for methicillin, sulfonamide, gentamicin and vancomycin-resistant genes, respectively, while 6 of 11 reclaimed water samples were positive for methicillin (9%) and sulfonamide (45%). The presence/absence of ARGs did not appear to correlate with other measured water quality parameters. The low detection of ARGs in river water indicates that, regardless of its poor quality, the river has not yet been severely contaminated with ARGs.
INTRODUCTION
Antibiotic resistance genes (ARGs) are recognized as emerging environmental contaminants (Rysz & Alvarez 2004; Snow et al. 2007; Martinez 2008 ) that move readily between ecological niches (JETACAR 1999) . The proliferation of these genes in the environment has been linked to the widespread use of antibiotics in humans and animals (JETACAR 1999; Pruden et al. 2006) . Water is a vector for the transfer of ARGs from human and animal waste into the natural environment (JETACAR 1999; Witte 2000; Chee-Sanford et al. 2001; Koike et al. 2007; Baquero et al. 2008 ) and the aquatic environment has been identified as a reservoir for antibiotic resistance (Biyela et al. 2004; Martinez 2008) . Only in recent years has there been increased interest in the prevalence of antibiotic-resistant organisms or genes in waterways and waste water (Zhang et al. 2009) , although very few studies have investigated highly treated effluent (Bockelmann et al. 2009 ). This research was aimed at evaluating the possible input of antibiotic resistance from a relatively new source -reclaimed water -which has the potential to act as another contamination source back into agriculture. doi: 10.2166/wh.2010.102 Two sources of agricultural irrigation water were selected for investigation: river water and treated human effluent (reclaimed water). The Werribee River (historically the major source of irrigation water for food crops in the Werribee Basin) was selected because of the diversity of land uses along its length that impact on water quality.
Extreme drought conditions in recent years have resulted in restricted use of both river and groundwater. Since 2005, reclaimed water (highly treated human effluent meeting 'Class A' standards, using UV light and chlorination) has been available for purchase by growers. Guidelines vary between states, but in Victoria, Australia, Class A reclaimed water is subject to Environmental Protection Agency Guidelines, which dictate the following indicative water quality objectives (median values over 12-month period):
, 10 E. coli org/100 mL, turbidity , 2 NTU (24 h median value pre-disinfection), , 10/5 mg/L BOD/SS, pH 6 -9 (90th percentile), 1 mg/L Cl 2 residual (or equivalent disinfection) (EPAV 2003) .
Reclaimed water is now the main source of irrigation water in the Werribee Irrigation District (WID) due to a combination of reduced rainfall and inflows, and declining quality (particularly with respect to salinity) of river water and other conventional sources of irrigation water that are still available. At present, reclaimed water is used predominantly for irrigation of vegetable crops, many of which are consumed raw. Very few studies have investigated the prevalence of ARGs in Australia (Boon 1992; Boon & Cattanach 1999; Watkinson et al. 2007 ) and to our knowledge this is the first seasonal study of ARGs in an Australian river.
The aim of this study was to look for the presence of ARGs along a gradient of water quality and where ample opportunity exists for their introduction to the water system.
The best means of achieving this goal was with a method like polymerase chain reaction (PCR). Despite its shortcomings (that is, a positive test result does not necessarily indicate that the host of the ARG was viable), PCR is rapid, can be used on a variety of substrates (soil, water, sediment) and does not require that the host organism be culturable. It is therefore ideal for determining the presence of ARGs in water in order to assess their potential as environmental contaminants. This was not a comparison of methods but rather a survey of water sources using a proven method.
METHODS

Study area and sampling sites
Water samples were collected from five sites within the Werribee Basin (Figure 1 ). These sites were chosen to correspond with routine state-wide river sampling locations (DSE 2008) , as well as to represent a gradient of human and agricultural inputs. Although the majority of the basin has been cleared for agriculture (67%) and urban development 
Sample processing and DNA extraction
Each water sample was removed from cool storage and mixed by shaking. Sub-samples (500 mL) were filtered using a three-branch manifold system with suction, through 0.45 mm sterile cellulose nitrate membranes (Sartorius, USA). All equipment was sterilized with 70% ethanol between samples. After filtration, membranes were placed into a sterile falcon tube (50 mL) and frozen at 2208C.
To extract total DNA, membranes were brought to room temperature, cut into small pieces (,5 mm 2 ) and suspended in 10 mL PBS (0.01 M phosphate buffer, 0.0027 M potassium chloride and 0.137 M sodium chloride;
Sigma, USA). The mixture was vortexed for 2 min and then centrifuged for 5 min (10,000 £ g). DNA was prepared from the resulting supernatant using the DNeasy Plant Mini Kit (Qiagen), according to the manufacturer's protocol. One DNA extraction was performed per sample and DNA quality was verified by agarose gel electrophoresis.
PCR assays for detection of ARGs
Qualitative PCR assays were performed for broad-scale screening of the presence/absence of five ARGs conferring resistance to: methicillin (mecA), gentamicin (aac(3)-I), vancomycin (vanA and vanB) and sulfonamide (sul(I)).
Primers for the amplification of these genes are listed in Table 1 . Oligonucleotide primer pairs were checked for specificity by testing methicillin-resistant bacteria (obtained 
2004
) and clinical isolates (vanB) (Patel et al. 1997) . 
RESULTS
Water quality
The presence/absence of ARGs was monitored within Reclaimed water salinity values remained relatively consistent at ,2100 mS/cm. River water temperatures remained . 38C at the surface and clearly reflected seasonal changes (maximum of 308C). There were no apparent vanAB-REV ACCGGGCAGRGTATTGAC seasonal or geographical trends in turbidity, suspended solids or dissolved oxygen. Total phosphorus levels were sporadic, ranging from 0.01 to 0.12 mg/L. Previous research detected faecal coliforms and Escherichia coli in the river water but not in reclaimed water (Engleitner et al. 2008) .
PCR assays for detection ARGs
16S rDNA was detected in 62 of the 65 water samples tested (95%) and in all samples in which ARGs were detected.
The qualitative occurrence data for all five resistance genes are presented in Table 3 . Of the 54 river water samples collected, 2 (4%), 2 (4%), 0 and 0 were positive for methicillin, sulfonamide, gentamicin and vancomycinresistant genes, while 6 of 11 reclaimed water samples were positive for either methicillin (9%) or sulfonamide (45%).
ARGs were not detected in any of the Lerderderg River or
Melton samples. In October 2007, sul(I) was detected at Cobbledicks Ford and the Werribee Weir, while mecA was 
Detection of ARGs in river water
The very low rate of detection in river water samples was surprising given the poor quality of the river system and the number of potential pollution sources within close proximity (intensive animal production, leaking sewerage systems, disposal of treated waste water and agricultural run-off). The specific location and timing of the detections did not appear to correspond to measured water quality parameters, although most detections were in the lower (more urbanized) reaches of the river. 
Detection of ARGs in reclaimed water
The ARGs were more frequently detected in the samples of reclaimed water. This indicates that the river, even in its very poor condition, hasn't yet been severely impacted by ARG-contaminated wastes such as agricultural run-off and human sewage (treated or otherwise). Previous studies have detected ARGs in treated waste water and the results from this current study confirm that even very high levels of increased microbial multiplication (Huq et al. 1984; Rhodes & Kator 1988) to levels that were detectable. At this time, it is also likely that water inflows to the sewage treatment plant were lower (due to a combination of higher evapotranspiration rates, reduced rainfall and community water restrictions), resulting in more concentrated effluent.
Total phosphorus levels, which were elevated between January and May 2008 (0.04 to 0.11 mg/L), may also have contributed to increased microbial growth (Karl 2000) .
ARGs are persistent in the environment, and many can be found in the water column for up to 14 days after release (Engemann et al. 2008) . There have been mixed results as to the impact of waste water treatment on the persistence and proliferation of ARGs (Pei et al. 2007) , with some studies showing that treatment processes increased the proportion of antibiotic-resistant bacteria (Murray et al. 1984) , and others that found no significant difference between inflow and treated waste water (Da Costa et al. 2008) , or in some cases even a decline (Baquero et al. 2008) . One study found that UV light had no impact on detectable levels of ARGs (Auerbach et al. 2007) . The WTP at Werribee treats , 55% of Melbourne's sewage and . 70% of its industrial waste (Lawson 2003) . The potential presence of ARGs in the industrial waste is not known, although it is known to contribute significantly to high salinity loads in the sewage inflows (Melbourne Water & City West Water 2004; Ibrahim et al. 2007 ).
Importance of ARGs detected
The antibiotic resistance genes were selected due to their previous detection in environmental or waste water samples in other studies. Of the five ARGs investigated, Table 3 | Molecular detection of aac (3) animals, rather than routine growth-promoters (Huovinen et al. 1995; Pei et al. 2006) , and resistance is now widespread (Huovinen et al. 1995) . In the UK, even after significant reductions in the prescription of sulfonamide for human treatment, the frequency of resistance remained quite high (Enne et al. 2007) , although this may be influenced by the continued high use in agriculture. This study has made no attempt to attribute contamination to any specific source, but suggests that reclaimed water and heavily impacted waterways may represent a reservoir for antibiotic resistance to methicillin and sulfonamide.
Quantitative information would have been useful for further analysis of these results. Quantitative real-time PCR was attempted to determine the abundance of ARGs (data not shown); unfortunately, the sensitivity of the technique was hindered by impurities in the DNA templates derived from the environmental samples. Pei and colleagues (2006) experienced similar difficulties.
Implications for irrigation
The findings of this study are of particular relevance as ARGs were found in relatively clean Class A water. This is not unprecedented, as ARGs Bockelmann et al. 2009 ) and antibiotic-resistant E. coli As the use of reclaimed water for agricultural irrigation increases, monitoring is needed to evaluate the risk of ARG dissemination into the food chain and the environment.
CONCLUSIONS
This study found a very low proportion of ARG detections in river water, while detections in reclaimed water were proportionally quite high. This indicates that the river, even in its very poor condition, hasn't yet been severely impacted by ARG-contaminated wastes such as agricultural run-off and human sewage (treated or otherwise). Reclaimed water will need to be monitored into the future, as its use in agricultural irrigation increases, to evaluate the risk of ARG dissemination into the food chain and the environment.
